Summary.-Anti -inflammatory corticosteroids administered to rats in high dosages before intravenous injection of allogeneic tumour cells caused 5-10 fold reductions in "take" and clonogenic growth of the cells in lung and kidney and decreased growth and spread of the cells transplanted to leg muscle. Steroid therapy also reduced the effect of local irradiation of lung tissues in increasing tumour colony efficiency (CFE) in the lungs; it also tended to reduce similar effects of sublethal whole body irradiation. A non-steroidal anti-inflammatory drug, phenylbutazone, also reduced CFE in locally irradiated lungs in the rat.
FOLLQWING intravenous injection into rats of cells of the allogeneic tumours
W-256 and Y-P388, the colony forming efficiency (CFE) of the cells in lungs has been shown to decrease with increasing age of the recipients, even after sublethal whole body irradiation was given shortly before the injection of tumour cells to suppress immunity to their growth (van den Brenk, Sharpington and Orton, 1973a) . CFE in the lungs was also increased (irrespective of host age) by local irradiation of the lungs if the irradiation was given at least 5-7 days before injection of tumour cells (van den Brenk et al., 1973b) . CFE in liver and kidney also were similarly increased by prior local irradiation of these organs (van den Brenk and Kelly, 1973) . Although the tumours used in these experiments induce an immune response in the hosts, reasons have been given why this feature does not explain the effects of age and local irradiation on CFE, which we have attributed to ecological changes affecting the availability of tumour growth stimulating substances at the site of tumour cell arrest.
In this paper we report the inhibitory effect of anti-inflammatory corticosteroids on primary intramuscular implants and their nodal metastases, and on the CFE in lung of intravenously injected cells of the same tumours.
MATERIALS AND METHODS
Sublines of the Yoshida and Walker rat tumours (designated Y-P388 and W-256 respectively) and Caworth Farm Strain SPF rats were used in the experiments.
We have described previously (van den Brenk, Moore and Sharpington, 1971; van den Brenk et al., 1973a, b ) the preparation of single-cell suspensions from the tumours, exposure of rats to whole body irradiation (WBI) or to local thoracic irradiation (LTI), the method of determining CFE from counts of tumour cell colonies in the lungs and kidneys, and the measurements of the growth of primary tumour implants in leg muscle and of secondary tumours produced by the implants in lymph nodes or lungs.
The compounds used were cortisone acetate (Cortisyl; Roussel Laboratories Ltd), hydrocortisone sodium succinate (Organon Laboratories Ltd), dexamethasone sodium phosphate (Decadron; Merck, Sharp and Dohme Ltd), mepyramine maleate (Anthisan; May and Baker Ltd) and phenylbutazone (Butazolidin; Geigy U.K. Ltd). These compounds were injected intramuscularly in dosages to be described.
The results of the experiments were assessed 7 days after intravenous injection of tumour cells, when the rats were weighed and killed by an overdose of pentobarbitone sodium; the lungs, thymus and spleen were weighed and their weights expressed in terms of organ weight per unit final body weight; tumour colonies in lungs and kidneys were also counted.
W-256 and Y-P388 tumours are heavily laden with blood and their growth produces progressive anaemia. Anticoagulant therapy and exsanguination of the animal, followed by arterial perfusion of the circulation with saline fails to remove most of this blood from the tumour (van den Brenk et al., 1972) . The amount of blood present in a tumour contributes to its weight and may be selectively affected by a particular treatment for reasons which may not be clear. Consequently, in one experiment the tissue haemoglobin concentration in the primary implant and in metastases of regional lymph nodes was measured. The rats were deeply anaesthetized with pentobarbitone sodium and exsanguinated; the primary tumour (Pr) and metastases in pelvic lymph nodes (PN) were removed and weighed; these tissues were then finely minced and extracted overnight in ice-cold 0.1% ammonium hydroxide. The haemoglobin in the filtered extract was measured photometrically as described by Marshall (1971) . , 1973b; van den Brenk and Kelly, 1973) . The effect on CFE of administering corticosteroids during the interval between local irradiation of the lungs and intravenous injection of W-256 tumour cells was examined, steroid treatment being discontinued 48 h before injection of the tumour cells. Dexamethasone (5 mg/kg body weight) given daily for 4 days reduced CFE in lungs of both unirradiated and irradiated rats (Table IV and Fig. 1 ). This effect of steroid treatments could not be attributed to an effect on body growth; it appears to be due to an effect of the steroid on local reactions causing resistance of the lungs to tumour growth-a resistance which is decreased by local x-irradiation of lung tissue. The decrease in tumour CFE produced by large doses of dexamethasone in rats given WBI (Table II) may be due to similar causes, i.e. a suppression of radiation reactions in the tumour bed which decreases natural resistance to tumour growth. (van den Brenk et al., 1973a) . Applying this relationship to the data in Table IV (represented graphically in Fig. 1 (Table IV, Fig. 1) .
RESULTS

Effect
Although DMZ failed to cure rats with locally irradiated lungs and intravenously injected with 10 2-104 W-256 cells, the mean survival was increased by 2-3 days (Fig. 2) . W-256 cells double every 16-24 h in the lungs of the rat, so that this increase in mean survival time agrees well with the 5-10 fold reduction produced by DMZ in CFE for this tumour. CFE in locally irradiated lungs and kidneys of rats was also reduced by large daily doses (15-20 mg/kg) of hydrocortisone, whereas the mineralocorticosteroids 1 1-desoxycorticosterone and aldosterone, failed to influence CFE (unpublished data).
Effect of steroids on growth of primiary tumnour and metastases (Goodman and Gilman, 1967) . The anti-inflammatory potency of dexamethasone is approximately 25 times that of hydrocortisone; essentially it has no electrolyte regulating effects, as distinct from mineralocorticosteroids such as 1 -desoxycorticosterone and aldosterone, which have little or no anti-inflammatory actions.
Our findings that large doses of antiinflammatory corticosteroids reduce the take, growth and spread of allogeneic tumour cells are clearly contrary to what would be expected for an immunosuppressive action of these drugs; it is reasonable to conclude that their inhibitory effect is on the tumour bed and is associated with their anti-inflammatory action. It is possible that successful implantation of a tumour cell in normal tissue depends largely on the excitation of a small local inflammatory response by arrest of the cell. Inflammation rapidly leads to regenerative growth of the stroma (including blood vessels) and conceivably provides a similar growth promoting stimulus or support for the grafted cancer Since this early steroid sensitive component of allogeneic tumour-host compatibility is not attributed to immunological reactions, steroid therapy may be of particular value in spontaneous cancers in man to reduce the effect of radio-therapy of subsequently stimulating growth of cancer cells deposited in irradiated tissues, although some evidence was obtained that steroids increased exfoliation and dissemination (Table IV) . The dosage of dexamethasone required to suppress tumour growth rapidly arrested body growth of rats, but normal rate of growth was re-established within 3-4 days after the last dose. The finding that phenylbutazone, a non-steroid anti-inflammatoryagent, also reduced take and growth of tumour cells in irradiated lungs somewhat supports the hypothesis that inflammation plays a local role in modulating the take and growth of tumour cells in these tissues.
